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Diversity of coronary arterial tree in laboratory mice 
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Abstract 
Research on the development and topography of mouse coronary arteries has been 
conducted for many years. Patterns of the course of these vessels have been described in 
various mouse strains. Our research focused on hearts of MIZZ mice. We visualized the 
coronary artery system by means of latex dye perfusion via the aorta. The injected latex did 
not reach the capillary vessel system. The heart of mizz mice is supplied with blood by two 
main coronary arteries: the right and the left one. They deliver blood to the right and left 
part of the heart, respectively. The right coronary artery arises from the right sinus of the 
aorta and the left coronary artery from the left sinus. The interventricular septum is usually 
drained by the septal artery, which is the main branch of the right coronary artery. All 
arteries of the coronary system run intramurally. The number of branches and the location 
of their ostia differed among the examined individuals. Detailed information about the 
normal topography of coronary arteries, the number and course of their branches, as well 
as the area of the heart which is vascularized by these vessels constitutes the basic 
knowledge necessary to conduct further experiments. 
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Introduction 
Research on the development of the heart and its elements has been conducted for 
more than a century [1]. Over the last several years the work has intensified. A number of 
scientists undertook investigation into the successive stages of the development of 
coronary vessels and their morphology as well as clarification of the mechanisms which 
regulate this process. The research seems to be focused on coronary arteries [2], 
nevertheless, the vein network has also been analyzed [3] Over the recent years the 
lymphatic system has been a subject of comprehensive study [4-6]. 
Ischemic heart disease is now a major problem. A sudden occlusion of a coronary 
artery, for instance by a thrombus, which leads to myocardial infarction, might result in 
heart failure – it is one of the main medical conditions and causes of death. Application of 
stem cell therapy for the treatment of heart after infarction, as well as in acute and chronic 
ischemic conditions is a very promising method [7]. Research on cardiosphere-derived 
cells (CDCs) has been conducted for a few years and it keeps bringing information and 
increasing possibilities to exploit the cells for the treatment of the cardiac muscle [8, 9], 
which could restore cardiomyocyte function in the area of post-infarction fibrosis [10]. In 
these attempts, which are preliminary experiments before pre-clinical research for the 
application of cell therapy, it is essential to possess the knowledge of the topography and 
distribution of coronary artery branches in normal heart as targeted administration of 
cells/medications has a direct influence on the effectiveness of the therapy. 
Detailed understanding of normal topography of coronary arteries, the number and 
course of their branches, as well as the area of the heart which is vascularized by them, 
constitutes the basic knowledge necessary for further research in this field. It is also 
essential for identification and characterization of emerging abnormalities of the course of 
coronary arteries since it is a reference point in normal conditions. The knowledge of the 
topography of mouse coronary vessels, which are now one of the most frequently used 
animal models before further investigation into human disease, makes it possible to induce 
experimental myocardial infarctions by occlusion of a selected coronary artery [11]. It 
serves as a tool for the measurement of the area of ischemia and as a result, provides 
grounds for development of methods which would assist the rebuilding of the cardiac 
muscle and coronary vessels of the area. The knowledge of the course of the coronary 
arteries and the existing diversion from the normal state makes it possible to locate the 
target where stem cells should be administered / transplanted to rebuild the myocardium. 
Our team has conducted an analysis of the coronary arterial system of mizz mice to 
provide grounds for continuation of experiments on this strain. 
The objective of the study was to analyze the location (course) of coronary arteries 
in mizz mice of both sexes and identify the number and location of their branches. 
 
Materials and methods 
The material consisted of 28 hearts of adult mizz mice (9 males, 18 females and one 
individual of unidentified sex). The animals were kept in cages in a specially adapted room 
with access to food and water ad libitum. All animals used in the experiment were treated 
according to the guidelines of the National Ethics Committee for Animal Research. The 
mice were euthanized with (inhaled) Narcotan and then injected intraperitoneally with 
chloral hydrate (100 mg/kg). Then the heart and right caudal vein were exposed by means 
of thoracotomy and rinsed with physiological saline containing 1% papaverin. Blue latex 
dye was administered via the vein and red latex dye via the aorta. Next the animals were 
immersed in 4% formalin for 3 weeks. In order to analyze the coronary arteries, which 
were located intramurally in the mice, it was necessary to remove the external layer of the 
myocardium. The topography of the arteries in the examined hearts was analyzed under a 
stereomicroscope connected to a camera and photographic documentation was 
systematically collected. The arteries were isolated with microsurgical instruments. 
H&E stained sections of tissue were also analyzed. The examined hearts were 
isolated from adult individuals of mizz strain. The material fixed in 4% formalin was 
subsequently processed for paraffin embedding. Paraffin sections were cut, deparaffinized 
and stained in Mayer’s hematoxylin and eosin.  The stained sections were scanned with a 
Hamamatsu scanner and images were processed to select pictures and take coronary artery 
diameter measurements. The measurements were taken at various distances from the ostia 
of both coronary arteries in the upper half of the hearts. 
 
Results 
The location and course of the coronary arteries were comparable in the hearts of 
all examined mice (of mizz strain), regardless of sex. Two main arteries were observed in 
the examined hearts: the right coronary artery (RCA; arteria coronaria dextra) and the left 
coronary artery (LCA; arteria coronaria sinistra ). Each examined heart had the same 
number of the main arteries. RCA  delivers blood to the wall of the right ventricle while 
LCA vascularizes the wall of the left ventricle. In almost all examined hearts blood was 
delivered to the interventricular septum by a branch of the right coronary artery. It can be 
concluded from the location of the branches of the main coronary arteries that they 
supplied blood to the same area of the heart in all examined samples. The common trait 
observed in all the hearts was an intramural course of these vessels with some exceptions, 
in which the parts of the septum branch arising from the right coronary artery were situated 
near the endocardium. The differences were connected with the location of their ostia, 
number of branches and the locations where these branches formed, i.e. the distance from 
the ostium. In some hearts, the artery of the interventricular septum, which originated from 
the left coronary artery, was observed. The main differences observed in the course of the 
study were connected with the ostia of coronary arteries, location of their main branches, 
as well as emergence of an additional septal artery in a few cases. 
 
Right Coronary Artery (RCA; Arteria Coronaria Dextra) 
The right coronary artery is a big blood vessel of a large diameter (93.4 µm on 
average) and with a few branches. The vessel arose directly from the right sinus of the 
ascending aorta in all examined hearts. Right next to the ostium, its course was parallel to 
the right atrio-ventricular sulcus, then it crossed to the lateral portion of the right ventricle 
and headed for the apex. The right coronary artery runs in the myocardium below big veins 
– the right conal vein (vena dextra coni arteriosi), the right coronary vein (vena cordis 
dextra), caudal coronary veins (venae cordis caudales), which can be seen on the heart 
surface. Along its course, RCA first drains its branch to the interventricular septum and 
then diverges into two main branches and many smaller ones. Depending on the place of 
the main bifurcation of RCA, three groups were distinguished (Table I). In two examined 
hearts the main branching of the artery was observed in close proximity of the ostium in 
the right sinus of the aorta (1st group) (Fig. 1a). In the second group (13 hearts) the main 
divergence was located at the mid-height of the right ventricle (Fig. 1b). In the 3rd group 
(13 hearts) the right coronary artery divided into two branches at 2/3 of the distance from 
the ostium of RCA(Fig. 1c). 
The branch of the right coronary artery could be described as the septal artery SA 
(arteria septalis). It branches off into the interventricular septum and is a big vessel of a 
large diameter (78.02 µm on average). It has a low number of small branches. This vessel 
originated directly from the right coronary artery next to the coronary ostium in the right 
sinus of the ascending aorta (Fig. 2a) in most examined hearts. In four cases, the ostium of 
the interventricular branch overlapped with the ostium of RCA in the right sinus of the 
aorta (Fig. 2b). In two hearts, the analyzed artery originated from the aorta completely 
separately, in the vicinity of the ostium of the right coronary artery (Table II). 
The septal artery runs along the septal surface subendocardially and then penetrates 
its myocardium (Fig. 3). The location and the course of the septal artery indicate that the 
vessel is responsible for vascularization of the interventricular septum (Diag.1.). 
Apart from the main bifurcation and the septal artery, the right coronary artery had 
many smaller branches, which covered the whole surface of the right ventricle. The 
topography of these branches implies that RCA, together with smaller arteries which arise 
from it, is responsible for supplying blood (vascularization, blood delivery) to the whole 
area of the right ventricle. Among the numerous branches of RCA, fine atrial branches of 
small diameters, which originated from RCA and ran towards the auricle of the right 
atrium, drew particular attention (Fig. 4). These small arteries supplying blood to the 
auricle of the right atrium were observed in nine hearts. 
 
Left Coronary Artery (LCA; Arteria Coronaria Sinistra) 
The left coronary artery (LCA), is, like the right coronary artery, a big blood vessel 
(diameter of 87.8 µm). It has a few branches along its course. LCA arises from the left 
sinus of the ascending aorta, turns down and initially runs on the left of the arterial conus, 
then near the interventricular sulcus on the wall of the left ventricle and reaches the apex. 
The left coronary artery runs intraseptally, under a thin layer of the myocardium. In all the 
examined hearts, the beginning of LCA  and its proximal part ran below the left conal vein 
(vena sinistra coni arteriosi). 
The main trunk of the left coronary artery has its ostium in the left sinus of the aorta 
and runs along the left ventricle as far as the apex. The first branch of the left coronary 
artery is a vessel which turns right and runs along the upper half of the heart to the edge of 
the left ventricle. The oblique branch originated from the main artery and ran along the 
upper surface of the left ventricle. Further on, another branch was a vessel running to the 
left and obliquely across the left ventricle (Fig. 5a, b). Each of these branches had short 
vessels which originated from them, usually turned obliquely down in the wall of the left 
ventricle, and vascularized that particular portion of the myocardium. No vessel equivalent 
to the course and topography of the human diagonal artery was observed. 
In a few examined hearts additional branches were observed, they originated from 
the initial part of the left coronary artery. In two hearts a fine branch arising from LCA  
and circling the arterial conus was found (Fig. 6). In one heart an artery originated from the 
aorta near the left coronary artery. It ran intraseptally near LCA  (Fig. 7). While in the case 
of the right coronary artery there was always a septal branch or a separate right artery of 
the interventricular septum, such a septal artery associated with the left coronary artery was 
only noticed in three out of the 28 examined hearts (Fig. 8; Fig. 9). In another two cases, a 
separate artery running close to LCA was observed. It had the ostium in the aorta near 
LCA on its right and it turned into the interventricular septum, but it did so higher than the 
branch issuing from RCA. It seems that if the septal branch arising from LCA is present, it 
supplies the upper part of the interventricular septum. The right septal artery vascularizes 
the lower half of the septum as it penetrates it at this height. 
 
Discussion 
In mizz mice the heart is supplied with blood by two main coronary vessels: the right 
and left coronary arteries. The ostia of these vessels are always located in the right and left 
sinuses of the aorta, respectively. After arising from the sinuses, the coronary arteries turn 
towards the apex and each divides into branches which penetrate the myocardium in such a 
manner that the walls of the ventricles and of the interventricular septum are properly 
vascularized. The number of branches and the locations where these branches arise differ 
between the two coronary arteries. The interventricular septum is usually vascularized by a 
large branch of the right coronary artery, which is described as the septal artery. The 
course of the coronary arteries and their branches is intramural. These vessels penetrate the 
myocardium throughout their lengths. This general topography of coronary vessels is 
common for both mice and some other rodents [12, 13]. It should be remembered, 
however, that there is a number of differences between different mouse strains [14-16]. 
These differences are connected with the location and shape of the ostia of the main 
coronary arteries, the number of septal arteries, the number of branches or the area which 
is drained by particular arteries. In the case of mizz mice, the ostia of the two main arteries, 
the right coronary artery and the left one, were always located in the sinuses of the aorta. 
These vessels supplied blood to the right and left ventricle, respectively. Most differences, 
both in terms of the location of the ostium and the number of vessels, were associated with 
the septal artery. In most examined animals (22 mice), SA branched off the right coronary 
artery and only in two hearts it had a separate ostium in the sinus of the aorta. In the 
remaining four individuals, SA originated from the right sinus of the aorta together with 
RCA. A comparable topography of the septal artery was described in the wild-living house 
mouse [13] and in the Swiss albino strain of the laboratory mouse [14]. Kolesova’s team, 
who worked with Cx40:GFP knock-in mice, showed in their publication of 2018 [17] that 
the septal artery in these animals originated exclusively from the right coronary artery. 
They did not observe any case in which the vessel would arise from another place. In our 
research, five out of the 28 analyzed hearts had additional vascularization of the 
interventricular septum in form of a branch of LCA  (three hearts) which penetrated the 
myocardium of the septum or a separate artery (two hearts) branching off the aorta and 
running close to LCA. Such double vascularization of the interventricular septum and the 
place of penetration of the septal arteries into the myocardium indicates that the septal 
branch of RCA supplies blood to the upper part of the septum while the branch issuing 
from the left coronary artery drains the lower portion. The existence of the septal artery 
originating from the left coronary artery was described in two models of mutated mice: 
iv/iv mice [14] and Cx43 knockout mice [18, 19]. The existence of the septal artery 
branching off LCA  and co-existence of two septal vessels in C57BL/6J mice, reported in 
2004 [20] was confirmed in more recent papers [15]. Apart from that, Fernandez and his 
team described the same topography in hearts of C57BL/6N mice. The existence of two 
septal arteries is also common in other rodent species, for instance Syrian hamster 
(Mesocricetus auratus) [13, 21]. Anatomic origin of the septal artery seems rather 
changeable and depends on the strain and analyzed population of animals. These results are 
particularly important in the context of experimental research on heart ischemia in the 
mouse model. The occlusion of the coronary artery is usually performed by ligation of the 
proximal part of the left coronary artery [22-25]. For this reason, the existence of a septal 
artery branching off the left coronary artery below the place of ligation might definitely 
lead to an expansion of the ischemic area. The changeable number of septal arteries is 
connected with different locations of the ostia of these vessels. In our experiments, in most 
cases (22 hearts), the septal artery originated directly from the right coronary artery. On the 
other hand, in four hearts the ostium of the septal vessel was located in the right sinus of 
the aorta, overlapping with the ostium of RCA. In two cases, the septal artery originated in 
the wall of the aorta, near the right sinus. If the interventricular septum was vascularized 
by two arteries, the left septal artery originated from the left coronary artery or directly 
from the aorta. 
The arrangement of coronary arteries in mice differs from the one in humans. Except 
for the right and left coronary arteries, we do not use the terminology associated with 
human coronary topography in order to avoid suggestion of particular correspondence 
between the species. Thus there are no branches identical to the human circumflex artery, 
left anterior descending (LAD; anterior interventricular), or right posterior descending 
(RPD; posterior interventricular). Another difference can be found in the arrangement of 
the blood supply to the interventricular septum. In humans there are a number of septal 
branches originating from LAD and RPD while in mice there is one septal artery, which 
may be considered an independent third coronary artery due to its diameter and area 
supplied with blood. The arrangement of coronary arterial system in mice, with an 
intramyocardial course is characteristic for small animals with a very high heart rate. 
Nevertheless, it is necessary to pay attention to the number of ostia in the aorta. In humans 
[26] and other mammals [15, 27] the existence of more than one arterial ostium in the sinus 
of the aorta is not regarded as an anomaly. Such topography is normal and does not involve 
a risk of coronary disease. On the other hand, patients with a single ostium in the aorta are 
exposed to a risk of ischemic heart disease and sudden death [28-31]. Ischemia is caused 
by constriction of the coronary artery trunk, which might occur when the proximal part of 
the vessel runs between the aortal and pulmonary trunks. In humans such a condition [32, 
33] is very rare (0,04 – 0,66%) and is a serious pathology. In mice, a single coronary 
ostium in the sinus of the aorta is more common than in humans, although there are strains, 
such as the one researched by our team – mizz, in which this anomaly has not been 
observed. In C57BL/6 such topography is found in approx. 6% of examined cases [15, 16]. 
Such a single ostium in the aorta has been observed in different rodent species, including 
the house mouse [34, 35]. Although such arterial topography is regarded as an anomaly, it 
does not affect the functioning of the coronary system and does not cause heart ischemia in 
rodents. It probably results from the fact that coronary arteries branching off the aorta do 
not run between the pulmonary and aortal trunks but penetrate the myocardium of the 
ventricular walls and interventricular septum. This topography, characterized by intramural 
course of coronary arteries, is common for all examined rodents, and as a consequence, the 
single coronary ostium in the aorta does not lead to the development of the disease in these 
animals or pose a threat to their lives. 
Summing up, it could be concluded that different strains of mice display a number of 
similarities in the topography of coronary arteries. There are always two main arteries: the 
right and the left coronary artery. Each of them usually originates from the corresponding 
sinus of the aorta. The interventricular septum has its own artery, which usually branches 
off RCA. The course of coronary vessels is intramural. Researchers of the anatomy, 
development and physiology of coronary arteries usually use mice as an animal model and 
for this reason they should be aware of these similarities as well as the differences in the 
topography of the artery system between the different strains since they might lead to 
incorrect interpretations of their results. 
 
Acknowledgements 
This study was supported by internal funds of Medical University of Warsaw (1M11/N1)  
and of Warsaw University of Life Sciences (505 20 023300-Q00226-99). 
 
 
References 
1. Lewis FT. The question of Sinusoids. Anat Anz. 1904;25:261-9. 
2. González-Iriarte M, Carmona R, Pérez-Pomares JM, Macías D, Costell M, Muñoz-
Chápuli R. Development of the coronary arteries in a murine model of transposition of 
great arteries. Journal of Molecular and Cellular Cardiology. 2003;35(7):795-802. doi: 
https://doi.org/10.1016/S0022-2828(03)00134-2. 
3. Ciszek B, Skubiszewska D, Ratajska A. The anatomy of the cardiac veins in mice. J 
Anat. 2007;211(1):53-63. Epub 2007/06/08. doi: 10.1111/j.1469-7580.2007.00753.x. 
PubMed PMID: 17553104; PubMed Central PMCID: PMCPMC2375793. 
4. Juszynski M, Ciszek B, Stachurska E, Jablonska A, Ratajska A. Development of 
lymphatic vessels in mouse embryonic and early postnatal hearts. Dev Dyn. 
2008;237(10):2973-86. Epub 2008/09/26. doi: 10.1002/dvdy.21693. PubMed PMID: 
18816838. 
5. Flaht-Zabost A, Gula G, Ciszek B, Czarnowska E, Jankowska-Steifer E, Madej M, 
et al. Cardiac mouse lymphatics: developmental and anatomical update. Anat Rec 
(Hoboken). 2014;297(6):1115-30. Epub 2014/04/05. doi: 10.1002/ar.22912. PubMed 
PMID: 24700724. 
6. Ratajska A, Gula G, Flaht-Zabost A, Czarnowska E, Ciszek B, Jankowska-Steifer 
E, et al. Comparative and developmental anatomy of cardiac lymphatics. 
ScientificWorldJournal. 2014;2014:183170. Epub 2014/03/05. doi: 10.1155/2014/183170. 
PubMed PMID: 24592145; PubMed Central PMCID: PMCPMC3926219. 
7. Wollert KC, Drexler H. Clinical applications of stem cells for the heart. Circ Res. 
2005;96(2):151-63. Epub 2005/02/05. doi: 10.1161/01.res.0000155333.69009.63. PubMed 
PMID: 15692093. 
8. Vandergriff AC, Hensley TM, Henry ET, Shen D, Anthony S, Zhang J, et al. 
Magnetic targeting of cardiosphere-derived stem cells with ferumoxytol nanoparticles for 
treating rats with myocardial infarction. Biomaterials. 2014;35(30):8528-39. Epub 
2014/07/22. doi: 10.1016/j.biomaterials.2014.06.031. PubMed PMID: 25043570. 
9. Cheng K, Ibrahim A, Hensley MT, Shen D, Sun B, Middleton R, et al. Relative 
roles of CD90 and c-kit to the regenerative efficacy of cardiosphere-derived cells in 
humans and in a mouse model of myocardial infarction. J Am Heart Assoc. 
2014;3(5):e001260. Epub 2014/10/11. doi: 10.1161/jaha.114.001260. PubMed PMID: 
25300435; PubMed Central PMCID: PMCPMC4323830. 
10. Makkar RR, Smith RR, Cheng K, Malliaras K, Thomson LE, Berman D, et al. 
Intracoronary cardiosphere-derived cells for heart regeneration after myocardial infarction 
(CADUCEUS): a prospective, randomised phase 1 trial. Lancet. 2012;379(9819):895-904. 
Epub 2012/02/18. doi: 10.1016/s0140-6736(12)60195-0. PubMed PMID: 22336189; 
PubMed Central PMCID: PMCPMC4326004. 
11. Andrade JN, Tang J, Hensley MT, Vandergriff A, Cores J, Henry E, et al. Rapid 
and Efficient Production of Coronary Artery Ligation and Myocardial Infarction in Mice 
Using Surgical Clips. PLoS One. 2015;10(11):e0143221. Epub 2015/11/26. doi: 
10.1371/journal.pone.0143221. PubMed PMID: 26599500; PubMed Central PMCID: 
PMCPMC4658059. 
12. Ahmed SH, Rakhawy MT, Abdalla A, Assaad EI. The comparative anatomy of the 
blood supply of cardiac ventricles in the albino rat and guinea-pig. J Anat. 1978;126(Pt 
1):51-7. Epub 1978/05/01. PubMed PMID: 649502; PubMed Central PMCID: 
PMCPMC1235711. 
13. Durán AC, Sans-Coma V, Arqué JM, Cardo M, Fernández B, Franco D. Blood 
Supply to the Interventricular Septum of the Heart in Rodents with Intramyocardial 
Coronary Arteries. Acta Zoologica. 1992;73(4):223-9. doi: 10.1111/j.1463-
6395.1992.tb01086.x. 
14. Icardo JM, Colvee E. Origin and course of the coronary arteries in normal mice and 
in iv/iv mice. J Anat. 2001;199(Pt 4):473-82. Epub 2001/11/06. PubMed PMID: 
11693308; PubMed Central PMCID: PMCPMC1468358. 
15. Fernandez B, Duran AC, Fernandez MC, Fernandez-Gallego T, Icardo JM, Sans-
Coma V. The coronary arteries of the C57BL/6 mouse strains: implications for comparison 
with mutant models. J Anat. 2008;212(1):12-8. Epub 2007/12/11. doi: 10.1111/j.1469-
7580.2007.00838.x. PubMed PMID: 18067545; PubMed Central PMCID: 
PMCPMC2423383. 
16. Lopez-Garcia A, Soto-Navarrete MT, Fernandez MC, Moncayo-Arlandi J, Duran 
AC, Lopez-Unzu MA, et al. Unusual anatomical origins of the coronary arteries in 
C57BL/6 mice. Are they strain-specific? J Anat. 2016;229(5):703-9. Epub 2016/06/28. doi: 
10.1111/joa.12512. PubMed PMID: 27345017; PubMed Central PMCID: 
PMCPMC5055091. 
17. Kolesova H, Bartos M, Hsieh WC, Olejnickova V, Sedmera D. Novel approaches 
to study coronary vasculature development in mice. Dev Dyn. 2018;247(8):1018-27. Epub 
2018/05/18. doi: 10.1002/dvdy.24637. PubMed PMID: 29770532. 
18. Li WE, Waldo K, Linask KL, Chen T, Wessels A, Parmacek MS, et al. An essential 
role for connexin43 gap junctions in mouse coronary artery development. Development. 
2002;129(8):2031-42. Epub 2002/04/06. PubMed PMID: 11934868. 
19. Clauss SB, Walker DL, Kirby ML, Schimel D, Lo CW. Patterning of coronary 
arteries in wildtype and connexin43 knockout mice. Dev Dyn. 2006;235(10):2786-94. 
Epub 2006/06/28. doi: 10.1002/dvdy.20887. PubMed PMID: 16802337. 
20. Salto-Tellez M, Yung Lim S, El-Oakley RM, Tang TP, ZA AL, Lim SK. 
Myocardial infarction in the C57BL/6J mouse: a quantifiable and highly reproducible 
experimental model. Cardiovasc Pathol. 2004;13(2):91-7. Epub 2004/03/23. doi: 
10.1016/s1054-8807(03)00129-7. PubMed PMID: 15033158. 
21. Sans-Coma V, Arque JM, Duran AC, Cardo M, Fernandez B, Franco D. The 
coronary arteries of the Syrian hamster, Mesocricetus auratus (Waterhouse 1839). Ann 
Anat. 1993;175(1):53-7. Epub 1993/02/01. PubMed PMID: 8465975. 
22. Michael LH, Entman ML, Hartley CJ, Youker KA, Zhu J, Hall SR, et al. 
Myocardial ischemia and reperfusion: a murine model. Am J Physiol. 1995;269(6 Pt 
2):H2147-54. Epub 1995/12/01. doi: 10.1152/ajpheart.1995.269.6.H2147. PubMed PMID: 
8594926. 
23. Guo Y, Wu WJ, Qiu Y, Tang XL, Yang Z, Bolli R. Demonstration of an early and a 
late phase of ischemic preconditioning in mice. Am J Physiol. 1998;275(4 Pt 2):H1375-87. 
Epub 1998/09/24. PubMed PMID: 9746488; PubMed Central PMCID: 
PMCPMC3701297. 
24. Buehler A, Martire A, Strohm C, Wolfram S, Fernandez B, Palmen M, et al. 
Angiogenesis-independent cardioprotection in FGF-1 transgenic mice. Cardiovasc Res. 
2002;55(4):768-77. Epub 2002/08/15. PubMed PMID: 12176126. 
25. Jones SP, Tang XL, Guo Y, Steenbergen C, Lefer DJ, Kukreja RC, et al. The 
NHLBI-sponsored Consortium for preclinicAl assESsment of cARdioprotective therapies 
(CAESAR): a new paradigm for rigorous, accurate, and reproducible evaluation of putative 
infarct-sparing interventions in mice, rabbits, and pigs. Circ Res. 2015;116(4):572-86. 
Epub 2014/12/17. doi: 10.1161/circresaha.116.305462. PubMed PMID: 25499773; 
PubMed Central PMCID: PMCPMC4329104. 
26. Becker AE. Variations of the main coronary arteries. In: Becker AE, Losekoot G, 
Marcelletti C, Anderson RH, editors. Paediatric Cardiology1981. p. 263-77. 
27. Fernandez B, Duran AC, L.J. P. How many coronary arteries are there in 
mammals? J Morphol. 2007;268:1072. doi: DOI 10.1002/jmor. 
28. Cheitlin MD, De Castro CM, McAllister HA. Sudden death as a complication of 
anomalous left coronary origin from the anterior sinus of Valsalva, A not-so-minor 
congenital anomaly. Circulation. 1974;50(4):780-7. Epub 1974/10/01. PubMed PMID: 
4419670. 
29. Liberthson RR, Dinsmore RE, Fallon JT. Aberrant coronary artery origin from the 
aorta. Report of 18 patients, review of literature and delineation of natural history and 
management. Circulation. 1979;59(4):748-54. Epub 1979/04/01. PubMed PMID: 421315. 
30. Barth CW, 3rd, Roberts WC. Left main coronary artery originating from the right 
sinus of Valsalva and coursing between the aorta and pulmonary trunk. J Am Coll Cardiol. 
1986;7(2):366-73. Epub 1986/02/01. PubMed PMID: 3944356. 
31. Basso C, Maron BJ, Corrado D, Thiene G. Clinical profile of congenital coronary 
artery anomalies with origin from the wrong aortic sinus leading to sudden death in young 
competitive athletes. J Am Coll Cardiol. 2000;35(6):1493-501. Epub 2000/05/12. PubMed 
PMID: 10807452. 
32. Desmet W, Vanhaecke J, Vrolix M, Van de Werf F, Piessens J, Willems J, et al. 
Isolated single coronary artery: a review of 50,000 consecutive coronary angiographies. 
Eur Heart J. 1992;13(12):1637-40. Epub 1992/12/01. PubMed PMID: 1289093. 
33. Guinovart MP, Vilallonga JR. Arterias coronarias: aspectos anatomo-clínicos: 
Ediciones Científicas y Técnicas; 1993. 
34. Arque JM, Cruz V, Rosado LM, Sans-Coma V. Congenital anomalies of coronary 
arteries in rodents. Am J Cardiol. 1986;57(6):498-9. Epub 1986/02/15. PubMed PMID: 
3946275. 
35. Duran AC, Fernandez-Gallego T, Fernandez B, Fernandez MC, Arque JM, Sans-
Coma V. Solitary coronary ostium in the aorta in Syrian hamsters. A morphological study 
of 130 cases. Cardiovascular pathology : the official journal of the Society for 
Cardiovascular Pathology. 2005;14(6):303-11. Epub 2005/11/16. doi: 
10.1016/j.carpath.2005.07.001. PubMed PMID: 16286039. 
 
Table I. Division into three groups depending on the location of the main bifurcation of 
ACD 
Location of the main 
bifurcation of ACD 
1st group – next 
to the ostium 
2nd group – at 
mid-height of RV 
3rd group – 1/3 
of the lower 
height of RV 
Number of examined hearts 2 hearts 13 hearts 13 hearts 
 
Table II. Location of the ostium of the interventricular branch originating from the right 
coronary artery 
Ostium of the 
septal branch  
Directly from 
ACD arising from 
the aorta 
Arising together with 
ACD from the right 
sinus of the aorta 
Arising directly from 
the right sinus of the 
aorta 
Number of 
examined 
hearts 
22 hearts 4 hearts 2 hearts 
 
 
List of figures 
Figure 1. Bifurcation of the right coronary artery into two main branches: a. 1st group – 
next to the ostium in the aorta, b. 2nd group – at the mid-height of RV, c. 3rd group – at 
the 2/3 of the distance from the ostium; scale bar 1 mm. 
 
Figure 2. Origin of the septal artery : a. arising directly from RCA, b. arising together with 
RCA from the right sinus of the aorta; scale bar 1 mm. 
 
Figure 3. The right septal branch; scale bar 1 mm. 
 
Figure 4. Transverse sections of the heart (H&E stain) with the right coronary artery and 
its atrial branch; sections cut at the ½ length of the heart between the base and the apex; a. 
heart: LV – left ventricle, RV – right ventricle; the area marked in the box is enlarged in b., 
c., and d., which are consecutive sections to demonstrate the atrial branch topography; b., 
c. and d. transverse section of the right coronary artery (black arrows), longitudinal section 
of the atrial branch (blue arrows); scale bar 1 mm. 
 
Figure 5. The left coronary artery and its main branches; a. and b.: main trunk (black 
arrows), right branches (red arrows), oblique branches (blue arrows); scale bar 1 mm. 
 
Figure 6. Branch (white arrow) arising from LCA (black arrow) and circling the arterial 
conus; scale bar1 mm. 
 
Figure 7. Branch of the left coronary artery (white arrow), running intramurally near LCA 
(black arrow); scale bar 500 um 
 
Figure 8. Branch (white arrow) penetrating the interventricular septum, which originates 
from LCA (black arrow); scale bar 500 µm. 
 
Figure 9. Transverse sections of the heart (H&E stain) with coronary arteries: a. the left 
coronary artery (black arrow) arising from the ascending aorta and the septal branch (blue 
arrow) arising from LCA; section cut at the level of the aortic and pulmonary trunk roots; 
b. longitudinal section of the left coronary artery (marked with black arrows) cut at a small 
distance from the aortic roots (300-500 µm from the level of cutting section a.); c. ostium 
of the right coronary artery (white arrow) from the ascending aorta, lumen of RCA (black 
arrow) visible at a certain distance from the level of cutting section b. (300-400 µm); d, e, f 
– transverse sections of coronary arteries (the white arrow pointing to LCA on section d., 
e., f., and the black arrow pointing RCA on section f.) and septal branch (marked with blue 
arrows in d., e., and f.); scale bar 1 mm. 
 
Diagram 1. Schematic representation of the ostium and course of the septal artery: a. 
ostium of SA in the right coronary artery; b. overlapping ostia of SA and RCA in the 
ascending aorta; c. ostium of SA in the left coronary artery; Ao – aorta, RV – right 
ventricle, LV – left ventricle. 










